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Anti-PT-Symmetry operatorHAPT is an independent operator having no
connection with un-broken PT-symmetry . Further corresponding charge
conjugation operator satisfies the appropriate commutation relation , shar-
ing the common eigenfunctions. However if the HAPT is connected with
broken-PT-symmetry , it is no longer an admissible operator in quantum
mechanics.
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Since the era of Bohr’s model of atom and Harmonic oscillator ,expements play the
vital role in developing and understanding quantum mechanics in a fruitful way[1].
Eventhough energy calculation in quantum world plays the major role for theoretical
understanding but in practice in experiment one measures energy difference
Expt→ E1 −E2 (1)
where E1,2 are the energy eigenvalues of the operator in question. We all assume
that E1,2 are real . In this way we have accepted unbroken PT symmetry operator
in quantum mechanics [2]. Here P stands for parity operator having the behaviour
P (x, y, z, i) → (−x,−y,−z, i) and T stands for time reversal operator having the
behaviour T (x, y, z, i)→ (x, y, z,−i). Interestingly two recent experiments in presti-
gious journals like nature [3] and nature communication [4] reoprted that E1,2 can be
complex without disturbing real expemental findinds [3,4] . One such model can be
expressed as
HAPT =


∈ −iγ iκ
iκ − ∈ −iγ

 (2)
having energy eigenvalues
λ1,2 = −iγ ±
√
∈2 −κ2. (3)
The advantage of this model is that E1 −E2 is reali.e
E1 − E2 = ±2
√
∈2 −κ2. (4)
Now suppose one wants to express
HAPT = i±HPT (5)
then considering positive sign on has HPT can be written as
HPT =


−i ∈ −γ κ
κ i ∈ −γ

 (6)
It is easy to see that the eigenvalues difference becomes complex in nature i.e
ǫ1 − ǫ2 = ±2i
√
∈2 −κ2. (7)
It is not difficult to show that no unitary transformation can exist satisfying the
similarity transformation[5]. On the other hand one can have
U−1HNPTU 6= HPT (8)
where U † = U−1 Now a simple question arises in mind as to can one do an experiment
using the model HPT as given above . The very answer to this question is NO as the
HPT is a Broken−PT− Symmetry. Comming to the HAPT operator we find it
possess well defined charge conjugation operator. The details are as follows.
C−Real
In order to justify this let us consider the model as.
B =


−15− 4i −12
12 −15− 4i

 (9)
1
having eigenvalues
λ
(B)
1,2 = −4i± 9 (10)
|Ψ >→ λ1 = −9− 4i =


Φ1 =
2584
2889
Φ2 = −12922889

 (11)
and
|Ψ >→ λ2 = 9− 4i =


Φ2
Φ1

 (12)
Interestingly the corresponding charge conjugate operator is real[6-9] i.e
C(B) =


5
3
4
3
−4
3
−5
3

 (13)
having eigenvalues
λ
(B)
C = ±1 (14)
Furher both C(B) and B share the same eigenfunction justifying the commutation
relation
[B,C(B)] = 0 (15)
C−Complex
Let us consider A in the form of 2x2 matrix as
A = HAPT =


15− 4i 12i
12i −15− 4i

 (16)
having eigenvalues
λ
(A)
1,2 = −4i± 9 (17)
The operator A can be obtained from B using similarity transformation involving
non-unitary operator as
UBU−1 = A (18)
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where U is given by
U =


0 i
1 0

 (19)
Now we also notice that
|Φ >→ λ(A)1 = 9− 4i =


Φ1 =
2584
2889
Φ2/i =
1292i
2889

 (20)
and
|Φ >→ λ(A)1 = −9 − 4i =


iΦ2
Φ1

 (21)
The corresponding charge conjugation operators C is complex and is given by
C(A) =


5
3
4i
3
4i
3
−5
3

 (22)
having eigenvalues
λ
(A)
C = ±1 (23)
Furher both C(A) and A share the same eigenfunction justifying the commutation
relation
[A,C(A)] = 0 (24)
Here, the author would like to state that one can easily understand the existence of
anti-parity-time symmetry using present model instead of complex analysis reported
previously[1] without discussion on charge and wave functions.
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